Catheterization of the right heart was carried out in all patients and retrograde catheterization of the left heart in 36. Angiocardiography was performed with the patient in the supine position and under light anesthesia (nitrous oxide and oxygen). In all, 100 per cent oxygen was administered for at least 60 seconds prior to angiocardiography. Contrast medium* was injected into the pulmonary artery in two cases and into the left ventricle in 34 cases. In three cases, the injection was made into the aortic root, and the left ventricle was opacified as a result of aortic insufficiency.
also, more important, allows investigation of the response of the ventricle to the volume load imposed by such insufficiency.
Measurements of volume of the left ventricle were made in 37 adult patients with acquired valvular insufficiency. Left ventricular volumes were measured by the angiocardiographic technic of Arvidsson,' which appears to have sufficient accuracy for our purposes. The degree of insufficiency was estimated by the method of Sandler and coworkers. 2 The data are interpreted to indicate that the degree of cardiac enlargement is only partially related to the magnitude of the incompetence; that the degree of cardiac enlargement is also related to the extent of impairment of myocardial function; that enddiastolic volume is uniformly increased, to a degree commensurate with the volume load in some patients but frequently to a greater degree; and that assessment of myocardial contractility in patients is possible with these technics.
Materials and Methods
The patients included in this study were referred to the cardiovascular laboratory for evaluation of incompetence of either the aortic or the mitral valve or both. A wide range of variations was represented, not only in, regard to the valve lesions but also in regard to degree of disability, demonstrable myocardial ischemia, and previous history of myocardial infarction. In 18, surgical evidence was available for identification of the valve or valves involved, for evaluation of the 374 degree of incompetence, and for recognition of the presence and significance of associated valvular stenosis. The 19 patients in whom no surgical procedure was done were classified on the basis of all the information available including the results of diagnostic cardiac catheterization. Group 1 consisted of 12 patients in whom mitral stenosis was considered to be dominant. Because of the method of selection, coexisting valvular incompetence was to be expected in this group of patients. Group 2 consisted of 1o patients in whom mitral incompetence was dominant. Group 3 consisted of 10 patients in whom aortic incompetence was dominant.
Catheterization of the right heart was carried out in all patients and retrograde catheterization of the left heart in 36. Angiocardiography was performed with the patient in the supine position and under light anesthesia (nitrous oxide and oxygen). In all, 100 per cent oxygen was administered for at least 60 seconds prior to angiocardiography. Contrast medium* was injected into the pulmonary artery in two cases and into the left ventricle in 34 cases. In three cases, the injection was made into the aortic root, and the left ventricle was opacified as a result of aortic insufficiency.
One to three minutes before angiocardiography, indocyanine greent was injected into the same chamber and through the same catheter as used for the injection of contrast medium, and indicator-dilution curves were recorded at the femoral artery. Cardiac output was calculated from these curves according to the method of Hamilton,3 and the value obtained was divided by the heart rate during inscription of the curve to give average forward stroke volume (Vs) under anesthesia immediately before angiocardiography.
During angiocardiography, the electrocardio- 
. .z The frequency distribution of values for ejection fraction in patients with acquired heart disease differs from the frequency distribution for 18 patients with no abnormality of the left heart and 32 with congenital heart disease" ( fig. 1 ) in that a significant proportion (16 of 37, 43 per cent) of the patients with acquired heart disease had values for ejection fraction of less than 0.5 (more than two standard deviations below the mean value for normal left hearts) . 6 The relationship between stroke work and patients with low values for ejection fraction have low values for peak dp/dt and form a separate population in that they perform substantially less work from any given end-diastolic volume than do the remainder of the patients. Figure 3a* shows the relationship between peak dp/dt and ejection fraction. There is a significant correlation (p= <0.001) between peak dp/dt and ejection fraction such that, of the 12 patients with ejection fraction <0.5, nine had values for peak dp/dt <900 mm. Hg per second. Of the 18 patients with ejection fraction > 0.5, only one had a value for peak dp/dt < 900 mm. Hg per second. Figure  3b * shows the relationship between peak dp/dt and LVSW/VED (myocardial contractility index). There is a significant (p < 0.001) correlation between peak dp/dt and LVSW/ VED. Of the 10 patients with values for peak dp/dt < 900 mm. Hg per second only one had a value for LVSW/VED > 0.4. Of the 20 patients with values for peak dp/dt > 900 mm. Hg per second only one patient (case 22), who had surgical and necropsy evidence of myocarditis, had a value for LVSW/VED < 0.4. Consideration of figures 2 and 3 suggests that peak dp/dt, ejection fraction and LVSW/ VED are all related to myocardial function.
When this is depressed, low values (<900 mm. Hg per second, < 0.5 and < 0.4 for peak dp/dt, ejection fraction and LVSW/ VED, respectively) are to be expected. Among a group of 18 patients with normal left hearts6 we have encountered none with < 0.5 for LVSW/VED.
For all patients, VED is related to VR (fig.  4) . In general, at any level of VR1, those patients with the high values for VED had low values for ejection fraction, peak dp/dt, and *Cases of aortic stenosis have been excluded from this plot, since pressure overload increases myocardial contractility. ACQUIRED HEART DISEASE * = > 9soornm. Hg Rsec. peak dp Idl o = < U9OOmmHg sec. peak dp/dt Figure 3 a. Relationship between peak dp/dt (vertical axis) and ejection fraction (horizontal axis) for 30 patients with acquired valvular insufficiency. Lower limits of normal values for peak dp/dt (900 mm. Hg/sec.) and ejection fraction (0.50) are indicated by horizontal and vertical lines, respectively. b. Relationship between peak dp/dt (vertical axis) and myocardial contractility index (LVSW/VED, horizontal axis) for 30 patients with acquired valvular insufficiency. Lower limits of normal values for peak dp/dt (900 mm. Hg/sec.) and myocardial contractility index (0. Comparison between the assessment of severity of valvular insufficiency at operation and regurgitant volume (VR) estimated angiographically for the 15 patients in whom such assessment was made. end-diastolic fiber length, it follows that (neglecting for the moment the effect of pressure) with low ejection fractions less work is being obtained from a given fiber length than is obtained with higher ejection fractions; that is to say, contractility is impaired. From figure 2 left it will be seen that patients with low ejection fractions do indeed perform less external (pressure x volume) work from any given end-diastolic volume than do patients with normal ejection fractions. Gleason and Braunwald8 have presented evidence that the maximal rate of rise of ventricular pressure during isometric contraction (peak dp/dt) is a measure of myocardial contractility, the lower limit of values for patients with volume overload of the left heart being 900 mm. Hg per second. Low values are found in patients with cardiac failure and high values in patients with pressure overload of the left ventricle. Figures 3 and 2 right demonstrate a relationship between peak dp/dt and ejection fraction, and demonstrate that both have low values when contractility is impaired. The data thus suggest that both peak dp/ dt and ejection fraction probably are valid indicators of myocardial contractility. A better index of contractility is LVSW/VED, which, while requiring measurement of LVsm and from this LVSW, relates work to end-diastolic volume and thus provides a measure of myocardial contractility in numerical terms.
For the cases reported here, the amount of external work performed by the left ventricle was often very large by reason of the large ejection volumes. Thus, those patients with low values for ejection fraction may truly be considered to be examples of high-output failure of the left ventricle. Age, duration of disease, and coronary atherosclerosis all may be factors leading to such impaired myocardial function.
In a previous communication6 a linear relationship was demonstrated between VED and VES for patients with normal hearts and patients with congenital heart disease; ejection fraction averaged 0.67 for normal and 0.66 and 0.61 for subjects with congenital heart disease causing pressure and volume overload, respectively. A similar linear relationship between end-diastolic volume and the volume load (VED-VES) would follow from this. Insofar as VR reflects volume load, we would expect a linear relationship between VR and VED for those patients with normal myocardial contractility, and this is found to be so ( fig. 4 left) . When myocardial contractility is depressed, however (as evidenced by low values for ejection fraction, peak dp/dt or LVSW/VED), we would expect larger values for VED at any level of VR, and again this is found to be so ( fig. 4) of total left ventricular stroke volume and mean diastolic mitral valve gradient permitted calculation of the mitral valve area as 2.8 cm.2, which is well within the range considered possible for subjects with pure mitral insufficiency and cardiac enlargement. ) 17 It seems unlikely that valvular insufficiency would often impose a more severe volume load, yet, in this series, 10 patients (of whom nine had ejection fractions of less than 0.5) had larger end-diastolic volumes. Such patients may maintain a normal forward flow, despite impaired myocardial contractility, but at the expense of further increase in enddiastolic volume (for example, case 29 in table 3); however, the patients with the largest end-diastolic volumes do not necessarily have the largest volume load or the most severe regurgitation, since a decrease in the fraction of end-diastolic volume ejected may reduce the total ejection volume despite the effect of increasing end-diastolic volume. A point may thus be reached where the ejection fraction is so low that, despite a very large enddiastolic volume, the ventricle cannot maintain an adequate ejection volume (regurgitant plus forward flow) and forward flow may decrease to very low levels (for example, case 14 in cardial function, which is a significant part of the cardiac problem in such patients. The nature of this problem is not readily evident on usual clinical grounds. Thus, no relationship was apparent between symptoms and signs of pulmonary and systemic venous hypertension and fluid retention and myocardial function-as might be expected from the large number of factors involved in causing such symptoms and signs in patients with valvular heart disease; nor was the nature of the problem readily apparent solely on the basis of heart size, as clearly demonstrated in this study.
Summary The effect of valvular insufficiency on left ventricular volumes was studied by an angiographic method in 37 patients. Ejection of the additional volume load imposed by valvular insufficiency was achieved by an increase in end-diastolic volume and not by increasing the proportion of end-diastolic volume ejected. Of the 37 patients, 16 (43 per cent) had a significant reduction in the fraction of end-diastolic volume ejected per beat. These patients performed significantly less stroke work from a given end-diastolic fiber length (end-diastolic volume) than did the others and evidence is presented that they had impaired myocardial function. An index of myocardial contractility is derived which relates stroke work to end-diastolic volume.
The magnitude of left ventricular volumes is determined in part by the severity of the volume load but a further increase in volume without necessarily a further increase in ejection occurs in those patients with impaired myocardial function. Valvular insufficiency is quantitated from the difference between left ventricular ejection volume determined angiographically and forward stroke volume deterCirculation, Volume XXXI, March 1965 mined from indicator-dilution curves. The results show good agreement with subsequent surgical findings in the 15 patients who underwent operation.
James Mackenzie -General Practitioner and Cardiologist Mackenzie's work and example are of the greatest value today. His researches did not depend upon the laboratory nor upon hospital facilities but upon that continuous and careful observation of patients which is only possible in general practice. There is no doubt that his work led to the recasting of our views on cardiac disease. Sir Thomas Lewis said of him: "He did more perhaps than any other man before him to place upon a rational basis forecasts of the course of heart disease in individual patients, and the treatment of heart disease by digitalis." That is high praise by one who was himself an expert in that line. But in quite another way Mackenzie deserves to be acclaimed. He is the best modern example of achievement in general practice, of high endeavour under difficult circumstances leading to results which must for ever be an encouragement to everyone engaged in that front line of the National Health Service. 
